Enhanced bystander cytotoxicity of P450 gene-directed enzyme prodrug therapy by expression of the antiapoptotic factor p35.
Cytochrome P450 gene-directed enzyme prodrug therapy substantially augments intratumoral activation of anticancer prodrugs, such as cyclophosphamide (CPA), leading to a strong increase in antitumor effect without a corresponding increase in host toxicity. Attempts to additionally increase tumor cell kill by enhancing the intrinsic chemosensitivity of P450-expressing tumor cells by chemical means (depletion of cellular glutathione) or by coexpression of proapoptotic factors was shown to result in the desired increase in chemosensitivity, but with a decrease in net production of bystander cytotoxic drug metabolites because of accelerated death of the prodrug-activating tumor cells. Moreover, tumor cell P450 activity declined during the course of apoptosis induced by P450-activated CPA, limiting the potential of the tumor cell for continued production of activated drug metabolites. This limitation could be overcome by retroviral delivery of the baculovirus-encoded caspase inhibitor p35 to P450-expressing tumor cells. p35 substantially prolonged the activation of CPA by P450 "factory cells," leading to an increase in their bystander cytotoxicity toward P450-deficient tumor cells. This effect was greatest in tumor cells treated with CPA for an 8-h period, a schedule designed to model the effective time period of drug exposure in bolus CPA-treated patients in vivo. Notably, retroviral transduction of tumor cells with p35 did not induce drug resistance, as shown by the absence of long-term tumor cell survival or detectable colony formation activity after CPA treatment. These findings demonstrate that antiapoptotic factors, such as p35, can be used in a novel manner to enhance prodrug activation gene therapy by delaying tumor cell death, thereby increasing the net production of bystander cytotoxic metabolites and, hence, the overall effectiveness of the anticancer strategy.